A i = S i-5 +S i-4 +S i-3 +S i-2 +S i-1 +S i ,(1)
28
In this study, the Ensemble Streamflow Prediction (ESP) method (Twedt et al., 1977; Day, 29 1985 ) is used for resampling from historical records of soil moisture to obtain monthly 30 moisture at the target season with the 6-month SSI as the drought indicator. Assume the l -1 month lead forecasting is needed based on the monthly soil moisture observations with 2 forecast initialization at month i. Then the l month (1≤ l ≤ 5) ahead forecasting of the 3 accumulated soil moisture A i+l can be expressed: 4
Assume that one month lead forecasting (i.e., l=1) based on the 6-month SSI is needed. The 6 unknown S i+1 is predicted by resampling the soil moisture from the historical record of the 7 target month (i.e., i+1). As a result, an ensemble of m (i.e., the length of observation in the 8 historical record) sequence of the monthly soil moisture in the target season can be obtained 9 from the observed monthly soil moisture. In this manner, m sequences of accumulated 6-10 month soil moisture for the l month lead time can be generated by blending the observed and 11 predicted monthly soil moisture. For example, for l=1, the blended sequences of accumulated 12 6-month soil moisture can be expressed as (Hao et al., 2014): 13
where S i-4 …, S i are the observed soil moisture prior to the target month in the 6-month 19 window, while S Note that the lead time (l) should be less than the time scale (sc) -here, 6-month. Each 1 sequence of the blended 6-month soil moisture A (j) , j=1,2,…m, in equation (3) can be 2 combined with the observed 6-month accumulated soil moisture in the past years to derive the 3 corresponding SSI (j) . Here, the probability of drought is defined as the probability that a 4 future drought condition (SSI) is lower than an alarm threshold (e.g., SSI<-0.8 corresponding 5 to ~20th percentile). The empirical probability is estimated by dividing the number of the 6 forecasted values below the threshold (e.g.,-0.8) by the number of the ensemble members. 7 8
Results 9
First it is shown that the accumulated soil moisture typically exhibits much higher persistence 10 compared to precipitation, and hence can be used for drought forecasting with up to several 11 months lead time. Then, the 2012 summer drought conditions are predicted using the SSI with 12 different lead times. The SSI is obtained using predicted soil moisture information using the 13 ESP concept based on long-term climatology and near-past observations (see Section 14 Methodology). The study focuses on the drought prediction for May to August which is an 15 important period for agricultural decision-making. 16 Understanding the persistence property of soil moisture is fundamental to drought forecasting. 17
It is hypothesized that using accumulated soil moisture would improve persistence-based 18 drought forecasting relative to using accumulated precipitaiton. mainly due to seasonality of precipitation. As shown, the autocorrelation of the accumulated 3 soil moisture (or SSI) is generally higher than that of accumulated precipitation (or SPI) for 4 the four different initial conditions. The figure shows that the autocorrelations of the 5 accumulated 6-month soil moisture decay at a slower rate than the accumulated 6-month 6 precipitation in both California (Figure 1a) and Texas (Figure 1b) . For example, in California 7
and for the initial condition in April, the medians of the autocorrelation coefficients are higher 8 than 0.6 even at a 5-month lag. However, the medians of the autocorrelations of the 6-month 9 SPI drop below 0.6 after a 4-month lag. The higher persistence of the SSI relative to SPI 10 implies that a persistence-based model based on SSI would lead to better predications as 11 compared to a similar model based on SPI (see also Changnon 1987). 12
The 6-month SSI is used as the drought indicator to monitor and predict the 2012 (May-13 August) U.S. drought. Figure 2a shows observed drought conditions from May to August 14 2012 . As shown, the drought develops and intensifies quickly, affecting most of the 15 continental U.S. including the Great Plains, the Midwest, and west and southeast. By August, 16 a large portion of the country experienced severe, extreme, or exceptional drought conditions. 17
In operational drought early warning, the severe drought condition is of critical concern. In 18 this paper, the proposed methodology is tested for predicting the moderate and severe drought 19 It is stressed that the proposed approach is not meant to replace the currently available 28 dynamic drought forecasting models. Rather, the persistence-based predictions should be used 29 as additional information that can potentially improve drought predictability. Finally, it 30 should be pointed out that SSI is not suggested as an alternative to use of SPI (or other 31 indicators) for seasonal drought prediction. The best choice of index or the best set of 32 indicators depends on the problem in hand and the climate of the study area. It is our view 1 that drought monitoring and prediction should be based on multiple sources of information 2 (data and indicator) as well as models (e.g., dynamic, statistical). 
